formulations with multivariate analysis using 7 surface enhanced Raman chemical imaging 
and only 1 spectrum was taken at each point without any multiple accumulations or 120 averaging, to avoid degradation of the colloid system. For these images, step size of 50 µm 121 was used between neighboring pixels to achieve high spatial resolution, and the investigated 122 area was 49×49 pixels. The overall acquisition time for each SER-CI and "background" 123 image (without SERS effect) was only 20 min. 124
For SER-CI analysis the laser power was decreased to 10 % of its original value with an 125 intensity filter for the same goal (to avoid damage to colloids), while full power (~50 mW) 126 was used for the R-CI investigations. The spectrograph was set to provide a spectral range of 127 400-1835 cm −1 and 3 cm −1 resolution. 128 129
Data Analysis 130
R-CI and SER-CI maps were processed with the same multivariate curve resolution -131 alternating least squares (MCR-ALS) method we applied in our previous work [22] . The 132 developed multivariate approach using MCR-ALS enables to assess the Raman maps for any 133 SERS-active ingredient. The method was applied for the API through similar steps in this 134 paper as those shown for acetylsalicylic acid in our previous study [22] . As the details are 135 thoroughly discussed in the referred paper, the description of this chemometric technique and 136 the detailed procedure for the spectral preprocessing and the evaluation of R-CI and SER-CI 137 images are presented in the electronic supplementary material (ESM). Further relevant 138 publications are cited in the supporting material as references SR1-SR18, and also in the 139 present manuscript as references 31-48. 140 In the course of the quantitative evaluation of R-CI and SER-CI results, the calibration point 141 belonging to the model formulation with 0.25% API content was taken out from the 142 quantitation process, because preliminary SER-CI investigations indicated that linear 143 correlation primarily existed only between 0.5 % and 2 % API content. 144 8 Statistical investigations were performed on the calibration datasets to compare the linear 145 regression models. The sum of squares due to lack-of-fit (SSLF) and residual sum of squares 146 (RSS) values were calculated to explain the variance of the measured points. Equation 1 147 shows the definition of lack-of-fit sum of squares which is one part of the (overall) residual 148 sum of squares (RSS). In general x means the independent variable and y is the dependent 149 variable in simple univariate regression. SSLF summarizes the differences between local 150 averages (average y value corresponding to the same x values) and fitted values (̂) 151 quadratically and weighted by the number of observed y-values for that x-values. In Equation 152 1 the number of distinct x values was denoted with c. 153
(1) 154
155
The other part of RSS is the sum of squares due to pure error (SSPE). It explains how much 156 our observed y-values differ from the local averages. 157
In order to decide in an objective way, whether our fitted linear model was adequate, a 159 hypothesis test was performed using this two error values. Dividing the sums of squares with 160 the corresponding degrees of freedom, the usual F test statistic could be determined. 161 The Raman maps were first evaluated according to the steps outlined by our previous study 173 [22] , however, the approach had to be improved to create so-called corrected images, which 174 allowed better quantitation. Nevertheless, even the corrected R-CI images were found 175 unfeasible and the subsequent results outlines how surface-enhanced Raman mapping can 176 overcome the challenges. 177 178
R-CI investigations without SERS 179 180
The number of pixels containing API was determined in two similar ways to create 181 distribution maps based on the time-consuming ordinary Raman measurements (53 h, 16h, 182 4,2h). As the first step, in both cases, the API spectrum was identified and selected from the 183 as-received six loadings via MCR-ALS method. The scores (i.e. spectral concentrations) 184 corresponding to the API spectrum were sorted in descending order. The original [22] and the 185 revised approaches differ in defining the score thresholds which determine if the API is 186 considered present or missing in a particular pixel. According to the previously published 187 approach, the threshold was selected by iteratively checking the spectrum having the median 188 score visually to see if it unambiguously contains the peaks of the API and then discarding the 189 10 lower 50% of the scores ('halving method'). This approach provided a suitable threshold in a 190 few steps and the resulting maps were called ordinary maps. and II, and lack of fit (SSLF) calculations were utilized for the correlation of method III (see 225 details later). It is unquestionable that SER-CI investigations resulted in considerably more 226 accurate calibration than R-CI measurements. The prediction band is narrow enough to claim 227 that this technique is definitely capable of providing quantitative information about the API 228 concentration with good accuracy. According to our calculations and measurements, the 229 quantitative correlation was the best in the interval between 0.5 % and 2 %. Therefore, the 230 first calibration point belonging to the formulation containing 0.25 % of API was discarded. 231
After SER-CI investigation and image processing, further correction (such as those performed 232 for R-CI maps) was not needed. 233 Figure 3 shows the visual comparison of a representative SER-CI image sequence compared 234 to the corresponding method III (and corrected) R-CI image. The images prove that in contrast 235 to even the most accurate conventional R-CI sequence, the difference between varying API 236 concentrations can be very easily recognized visually based on the SER-CI maps -in other 237 words, the sensitivity of the SER-CI investigations is better.
12
In addition to the fact that SER-CI calibration has much better precision compared to the 239 conventional Raman-CI calibration, there are other advantages as well. Namely, the SER-CI 240 method is able to achieve this accuracy with an outstanding decrease in mapping acquisition 241 time, even though the same instrumental set-up is used as for ordinary R-CI studies. The lack-of-fit test results on the spectral datasets are summarized in Table 1 
